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PRIZE PROBLEMS FOR STUDENTS. 


I. 


Any side of a triangle is cut in the ratio of m to n, and the line 
joining this point to the opposite vertex is cut in the ratio of m+ x 
to 7; to find the codrdinates of the point of section. 


Il. 


Can the equations y?-+- «= a,2*+ y= b be solved by quad- 
ratics ? 


Hil. 


Find the polar equation of the line passing through the points 
of which the polar codrdinates are 7’, g’; r’, ”. 


IV. 
Find the condition that Az-+- By-+C = 0 should be tangent to 
(ex—al+ (y—bP =r. 
V. 


Give the most concise method for finding the derivative of a’. 


The solutions of these problems must be received by the first of 
May, 1859. 
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MATHEMATICAL HOLOCRYPTIC CYPHERS. 


By Purny Earve Cuasz, Philadelphia. 


Tue cyphers usually employed for secret correspondence, are 
formed by the mere substitution of symbols for the letters of the 
alphabet, one symbol only being appropriated to each letter. The 
comparative frequency with which the several letters recur in our 
language, is well known, therefore all cyphers of this kind are of 
little worth, as they may be easily translated by any expert into 
whose hands they may fall. 

By the alternate use of two or three different symbols for each 
of the most common letters, the difficulty of translation is increased, 
and the value of the cypher proportionately enhanced. But even 
in this case the law is so simple, and the number of constants so 
great, that the key can generally be found after a few trials. 

A holocryptic cypher should not only conceal the message that 
it is intended to convey, but it should also effectually hide the key 
to the message, which it can hardly do unless it destroys all symbolic 
uniformity, so that any given letter will be as likely to be repre- 
sented by one symbol as by another. The various operations of 
Mathematics, — Addition, and the other simple rules-of Arithmetic, 
Logarithms, Curvefunctions, &c. furnish an infinite variety of 
methods that will accomplish this end. 

Let two correspondents, for instance, commence by arranging an 
alphabet in vows and p/aces, in a manner similar to the following : — 


PLACES. 





2 
re © U 
F< 2 b 


7 8 
Z L 
G J 

= 


“20% 
mMeOu 
WHA 


m (3 K 


WwW 


According to this alphabet the word “ Philip” may be designated 
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by 323399, the upper line denoting the vow, and the lower line the 


place, of the several letters. 

If we multiply the lower line by 9, we obtain for our cypher 
8630091 == LUnsigiz.® 

If the key that has been agreed upon, is the addition of 7854 
(repeated as often as necessary),9598994-785478—=1745377. 
The left-hand figure of this sum may be rejected, as it will be readily 
known when the cypher is retranslated. We then obtain for our 
cypher 73237; Zvhawez. 

If a logarithmic key has been adopted, we may obtain the fol- 
lowing cypher: log 959899+=982229; 933233 —=Ptkukp. 

The following examples will illustrate the method of interpret- 
ing the three foregoing varieties of mathematical cypher. 


l. Eontvbaerdheoks 
2. Qpepwilmaopiag= 
8. Qigpntufkygl 


ac ee 


Doe CO He 
crm -do ee 


2 
1 
35 
9 
3 
8 


on 


Dividing the place-row, in the first example, by 8, we obtain 
18 32.32 = Go to Baltimore. 
Subtracting 70970970970970, from the place-row in the 
second example, we obtain 3§328533388967 == Flour is falling. 

In the third example, 08796 = 108 12245; 82322 = log 


66562; log 78=6. Then 53315862626 = Buy corn and rye. 
These illustrations, I think, are sufficient to show that a very 

simple arithmetical process may effectually conceal the meaning of a 

message from every one but the persons who hold the key to the 


cypher. The obscurity and consequent security may be increased 


213 
758 


1 
5 





* The first letter may be either L, J, or T. 
T The index of the logarithm, is disregarded. 
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to any desired extent, by adopting processes that are more intricate. 
But the simpler the cypher, provided it is effectual, the better, and I 
know of no simpler methods, that merit the name of holocryptic, 
than those I have just indicated. 





MOMENT OF INERTIA. 


BY GERARDUS B. DOCHARTY, LL. D. 
Professor of Mathematics in the Free Academy, New York City. 


WHEN we arrive at the conclusion, that the moment of Inertia is 
the sum of all the elements of revolving matter into the square of 
their distance from the axis of revolution, all the after difficulties 
resolve themselves into analytical ones; and these can only refer to 
the limits of integration. 

The following article is offered, not as having any merit beyond 
what may be found in the works of Prof. Bartterr and others who 


have discussed this subject; but simply for the purpose of assisting 
those to interpret their symbols, who are pursuing the study of 
mathematics without the aid of a teacher. 


Ist. For the cylinder round an axis perpendicular to its own. 
Let 2 a = its length, » = radius of its base, then 


BM=frdM=fff(a + 2) dz dy dz 
=f" de fre dy f° dx (x? + 2’) 
(1) = 2af'de fy*-*dy (4 a? + 2’) 
(2) = bafde (he +2) VF 
Let 2 =r sin g. Then 
PM ax 2arfiragg@+ irtie@ cos 2 p —}7" cos 4g) 


= 2arn (t+ 47)=M (e+ }7) 
P=4 +47 





~ 


The first integral, 2 a(4 a? +- 2"), is the moment of any elementary 
line of matter within the cylinder in the direction of the axis of the 
cylinder. 

The second integral, 4 a (4a? + 2) ¥P—A, is the moment of any 
elementary plane within the cylinder, parallel to the plane of zy. 
That is, it is the sum of the moments of all the previous elementary 
lines which have the same 2. 

If we had put y = rsing,z—rcosg, thndM=rdrdzdg. 

This elementary volume is not the same as the previous one. 


PM=ff{f(2+ cos g)rdrdzdgp 
we Wht! Heed r’ cos’ p) dx 
= 2af/" dg f'r dr (} a+ cos’ g) 
= ar ("dg ($+ 4+ tr c0829) 
= Qarnx (§¢?+%t°7)=M(i +7) 
=t3a@-+ i? as before. 


The first integral is the same as the first above. The second, 


ar(tj@’+itr+tircos2g), is the moment of an elementary 
plane drawn from the axis of the cylinder to the circumference. 
The variation of g from 0 to 2 in the next integral produces the 
sum of the moments of the whole mass. 


The integrations are the same for all homogeneous bodies, differ- 
ing only in the limits of integration. 


2d. Jf the bar had been a square prism, instead of a cylinder, about 
an axis parallel to one of the lateral faces and equidistant from them. 


Let 24 = the length of one side of the base. Then 
PM=f[rd@M=f[f[f(e+#)dredydz 
=[Pdzefdyftd2e(f#t+tZ4)=—2afdefdy(4¢e+2 
|, Sy f" dx (a + 2) af’d if y(i@+2) 
=4abf?dz(t@+2)=—jfaP(?4+ P)=1 M(e+F) 
*“—b 
P= 4(?+ P). 














































































it will be 
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3d. But, if the axis of motion pass diagonally through the mid-section, 


BM = fide [mi-rdy frda (2+ 2) 


tons 
= Safe ef da ie + #) 
= 4a f/f dz(by2 —z) ($@-+ 2) 

Las 
hg fe ERIE — 308 BYES mo) 
16 a4 (a+ 20) = ? M(ae?+ 228?) 
=1(¢+ 20), 


The final result must be the same, whatever be the order of the integra- 


— 


tions ; but the difficulty will not be the same, in general, nor will the 
meaning of the operations. 

For example, in the second set of integrations, if we order them 
thus : — 


PM= [*d2zf* dg f rdr (a +” cos’ ) 
<'s 
tr f*da [dg (22°+7' cos’ g)=tra (du (42+ 7°) 
“—a “0 , “—a 
=tranr(4@?4+r)=M(t@+ir).wPH=t+ir 


The first integral, } 7? (2 2? +-7° cos’ @), is the moment of a line, 
drawn perpendicular from the axis of the cylinder to the cireum- 





ference. 


The second integral, +772 (427-+ 7*), is the moment of any 
circular section perpendicular to the axis of the cylinder. 

4th. For the cylinder revolving on ts own axis. 

PM=ff[f[(~+#)drdydz=—fffrdxrdr “ 
ime it oe {2 "a a T wo 

sa ? a’ 4 dg f*dx=2af"s dr fd 

[rarsm ag f [rary 

: 


mien fr dy —arax—irM.Fr= 


9 


a 


Coe 
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5th. For the cone revolving on its own axis. 


PM=f/ff(y + #)daedydz =fffrdzrdrdg 
= f*isf"éo fm Pdr = ttantd fP%atdzf" dg 
“0 “0 0 “0 “0 
= $a tant d/?™* atdx = jy 1 tan‘ d bcos’ d 
0 


= 7 7B sin* 6 cos 6 = ¥, sin? d. M 


Rian S. Ralls on A 
. = ZF, bsin* 6 = 357”. 


Where @ is the slant height of the cone; 6 the angle which J 
makes with the axis; r the radius of the base of the cone, and k the 
altitude. 

The first integral gives the moment of a radius drawn perpen- 
dicular from the axis to the surface of the cone, at the distance zx 
from the vertex. 


The second, that of a circular section at that distance. If we 


say 


?M— "‘Pdadrdg=f'rdrfdgf'™*d: 
— a 
=fP~°rdrf* dg (b cos 6 — r cot 6) 

0 “0 
= 22? 2 dr (bcos d — r cot d) 
0 


22 (2 J sin* 6 cos 6 — } db sin’ 6 cot 6) 


= ;/, 1’ sin* 6 cosé = 53, b? sin? 6. M 
- i? = 3, P sin? 6 = ;,7° as before. 
The first integral gives the moment of a line (of elementary 


particles) parallel to the axis of z, embraced between the curvilinear 
surface of the cone and its base. 


The second, the moment of all such lines which have the same ”, 
or that of a cylindrical surface of elementary particles at any dis- 
tance 7 from the axis. 


The third, the sum of the moments of ai/ such, or that of the 
whole cone. 
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If the student shall carefully make himself master of the fore- 
going examples, he will find no difficulty in determining the moment 
of inertia of any other homogeneous body of regular figure. 





THE THEOREM OF PAPPUS. 


By J. B, Hencx, Civil Engineer, Boston. 


Tue famous theorem for measuring surfaces and solids of revolu- 
tion, so often ascribed to GutpIN, may be expressed in two parts thus: 


The surface of revolution described by a line lying wholly on one side 


of the axis, and in the same plane with tt, is measured by the product 
of the revolving line into the length of the path described by its centre 
of gravity. 

The solid of revolution described by a surface lying wholly on one side 
of the axis, and in the same plane with wt, ts measured by the product of 
the revolving surface into the length of the path described by ts centre of 
gravy. 

The claims of Gutpin to this theorem have been repeatedly dis- 
cussed, and the fact made manifest, that the theorem was in exist- 
ence more than 1200 years before the time of Guipin. Pappus of 
Alexandria had anticipated the learned Jesuit. Yet many authors, 
in treating of this theorem, do not even mention Pappvs, but either 
simply call it the “Theorem of Gutpmy,” or expressly ascribe the 
authorship to him. It may not, therefore, be amiss to present the 
case more fully, with the citation in the original, of such documents 
as are of importance, so that mathematicians may decide, whether, 
in justice to one of the four great geometers of antiquity, the theo- 
rem should not be referred to invariably as the Theorem of Parpvs. 

Paprpus of Alexandria flourished, according to the common 
account, about a.p. 380. His principal work is his “Mathematical 
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Collections.” In the Preface to the Seventh Book, after giving an 
account of the works of the ancient geometers, and of some prob- 


lems that engaged their attention without being solved, he brings 
forward the theorem in question, as a proof that his own efforts to 
contribute something useful have not been in vain. The theorem 
itself, and a remark appended, are given in these words :* 

‘O piv tov teleiory augowrixer oyos ovvimta Exte THY aupopetow xai Tow emt 
Tovs aSovas onoing xatyypevow evOeov ano THY iv avroig xertpoBaginar cyusiov. “O dé 
TOY TELM EXTE TOY GUPOLOMEATOY Kai TOY MEQLPEQEOY OOUg étoiNGE TH év AVTOIS KEVTQO- 
Papince snpeice* 0 5 tovtwr mequpepe@av Sihov ods ExtE TOY xaTHYMEVOY Kui OY MepLEZovEL 
ai TovToW cxpou, et xi elev mds Tog KEoow aupoiotixY, your. 

Tlegyover 38 avta ai mpotdoes, cyed0v ovom pia, mheiota dou xai mavroia Dew- 
OTUATH YoUpnaY Te xed Erupavercdy xal GtEQEar, Mav cue xod poe SeiSe* xa TH MH T1Q0- 
dederynsva nai Ta Hon, ws xa Ta iv TH Sodexat~ Tov Sroryeiwr. 

These passages may be translated as follows: 

“ The ratio of magnitudes described by a complete revolution} is com- 
pounded of the ratio of the revolving figures, and of the ratio of the straight 
lines similarly drawn from their centres of gravity to the axes. The ratio of 


magnitudes described by an incomplete revolution is compounded of the ratio 





* From the original of this preface given by Hattey in his edition of Apollonius 
de Sectione Rationis. Oxon. 1706. The Greek text of Parpus, with the exception of 
some detached portions, such as that just cited, has never been printed. The world 
has long expected from the University of Oxford an edition of Parrus similar to its 
editions of Euclid, Apollonius, and Archimedes. 

t The words duqororixer and duqowparor of the original are unusual forms, and 
are not given in the lexicons to which I have access. They are doubtless derived from 
augi and the root OJQ, ovicw, which supplies several of the forms of gégw; and the 
meaning of the first appears to be “the effect produced by carrying something around,” 
that is, a solid or surface of revolution, and the meaning of the second, “the thing 
carried around,” that is, the generating area or line. The words ei xai elev present 
some difficulty. They seem to imply that the angles spoken of might be somewhere 
else than at the axes, which does not appear possible. Still the phrase may be equiva- 
lent to “which are,” and this is the view taken in our translation. 


VOL. I. 27 
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of the revolving figures, and of the ratio of the arcs described by their centres 
of gravity; and the ratio of these arcs is evidently compounded of the 
ratio of the lines drawn to the axes, and of the ratio of the angles contained 
by the extremities of these lines at the axes of the magnitudes described.” 

He adds: “These propositions, which are almost the same, em- 
brace many and various theorems of lines, surfaces, and solids, all 
with one demonstration. Of these theorems some have not been 
before demonstrated, while others have been, such as those in the 
twelfth book of the Elements.” 

This enunciation of the theorem differs from the modern one 
only in this, that, instead of giving directly the measure of a solid 
or surface of revolution, Paprus gives it by giving the ratio to each 
other of any two of these solids or surfaces. From the remark added, 
he appears to have applied the theorem in various ways, including the 
measurement of the cone, cylinder, and sphere, which are the solids 
of revolution of the twelfth book of the Elements of Euclid, to which 
he doubtless refers. 

We of course lose sight of this theorem in the darkness that 
soon obscured all science. A new day came at last, brightened al- 
most at once by the genius of Viera, Kepier, Gatitzo, Des Carrzs, 
and Cavauiert. Not far from this time Commanpinus produced his 
translations and commentaries, and gave a new impulse to the study 
of the ancient geometers. Among these versions was that of Pappus, 
published in 1588,* thirteen years after the death of Commanpinvs. 
His translation of our theorem, as it stands in the reprint of 1660, 
is thus expressed : 

Perfectorum utrorumque ordinum proportio composita est ex proportione 
amphismatum, et rectarum linearum similiter ad axes ductarum a punetis, 





* Pappi Alexandrini Mathematice Collectiones a Federico Commandino in Lati- 
num converse et Commentariis illustrate. Fol. Pisauri, 1588; item Bononie, 1660. 
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que in ipsis gravitatis centra sunt. Imperfectorum autem proportio com- 
posita est ex proportione amphismatum, et circumferentiarum a punctis, quee 
in ipsis sunt centra gravitatis, factarum. Harum circumferentiarum pro- 
portio dividitur in proportionem ductarum linearum, et earum, quas continent 
ipsarum extrema ad axes angulorum.* 

In 1615 Kepter published his Nova Stereometria.+ In this he 
introduces the method of generating solids by the rotation of figures 
about an axis. Of these solids he describes a great number, and 
gives them various fanciful names, as the olive, apple, citron, Kc. 
Among these he has circular and elliptic rings, the measure of which 
he obtains by multiplying the area of the rotating circle or ellipse 
by the length of the circumference described by their centres. He 
does not, however, use the centre of gravity, as such, in any of his 
measures. 


We come now to Gutpin, who was born in 1577, at St. Gall in 
Switzerland, and named Habakkuk. At the age of twenty he re- 


nounced Protestantism, and entered the Society of Jesuits as a 
“temporal coadjutor,” changing his name to Paul. He was sent to 
Rome by his superiors to study mathematics; and he afterwards 
taught that science in the colleges of his order at Rome, Griitz, and 
Vienna. His principal work is his Treatise, in four books, on the 


Centre of Gravity.[ He died in 1643. 





* In this version the words “ utrorumque ordinum” answer to auqortixeor, where 
it first occurs in the Greek text of Hatvey, and a blank supplies its place near the 
end; while duqowpuerer is simply changed to amphismatum. COMMANDINUS cer- 
tainly enlightens us very little as to the meaning of these words. Towards the close, 
“earum quas” seems to be a misprint for eorum quos, referring to angulorum. 

t Nova Stereometria Doliorum vinariorum, ete. Accessit Stereometriz: Archimedes 
Supplementum. Lincii, 1615. 

{ Pauli Guldini Sancto-Gallensis, e Societate Jesu, de Centro Gravitatis trium 
specierum quantitatis continue. Liber Primus. Fol. Viennz Austriz, 1635; Liber 
Secundus, 1640; Liber Tertius, 1641; Liber Quartus, 1641. 
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GuLpIN appears to have been a close student of Pappus, whom he 
cites, in the course of his book, about a dozen times. In several 
instances he quotes sentences, and these he gives in the very words 
of the version of Commanpinus. In his second book, after consider- 
able heralding, he introduces as his own discovery the following 
Rule: 

Quantitas rotanda in viam rotatioms ducia, producit potestatem rotun- 
dam uno gradu altiorem, potestate sive quantitate rotata. 

“The quantity to be rotated, multiplied by the path of rotation, pro- 
duces a circular power one degree lugher than the power or quantity 
rotated.” 

In explanation of this rule GuLpmn observes, that there are three 
geometrical powers ; namely, the line, a power of the first degree, 
produced by the motion of a point; the surface, a power of the 
second degree, produced by the motion of a line; and the solid, a 
power of the third degree, produced by the motion of a surface. 
These powers are “circular powers,’ when the generating motion is 
circular. The “path of rotation” is the path described by the 
centre of gravity. His third Corollary is: 

Si autem tam quantitates rotande, quam vice sive radii rotationis sint 
tncequales, sequitur ulterius potestatum proportionem esse compositam ex 
ratione quantitatis rotate unius, ad quantitatem rotatam alterius ; et ex 
ratione vice vel radi illus unius,ad viam vel radium hujus alterius. 

“ But if both the quantities to be rotated and the paths or radu of 
rotation are unequal, it follows, further, that the ratio of the powers is 
compounded of the ratio of the rotated quantity of the one to the rotated 
quantity of the other, and of the ratio of the path or radius of the former 
to the path or radius of the latter.” 

This is of course a reproduction of the theorem of Pappus, and 
the third Corollary presents it in almost the same form. It would 


not, perhaps, be just to accuse Gutpin of deliberate plagiarism ; for, 
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though he probably read the passage cited above from the version 
of Commanpinus, he might possibly fail to get a correct idea of the 
theorem from this faulty translation. Still the mgenuity to do so 
would seem to be much less than that required to enable him to dis- 
cover it independently. His attempts at originality on other sub- 
jects are not so successful as to give us a very high opinion of his 
inventive powers; while the general tone of his work, his evident 
conceit, self-satisfaction, and boastfulness, do not predispose the 
reader to admit his claims in the present instance without some 
scrutiny. 

_In regard to a demonstration of the theorem, we do not know 
that Pappus ever gave one. A preface was not the place for a 
demonstration, and if he resumed the subject elsewhere, we do not 
know it. Gutprin, however, seems to have attempted a demonstra- 
tion, which amounts to this: The quantity generated is equal to the 
revolving figure multiplied by the length of some one of the circum- 
ferences described by its points. The circumferences described by 
the points nearest the axis are too small for this purpose, and those 
described by the points farthest from the axis are too large. There- 
fore, a circumference must be found at such a distance from the axis 
that the excess outside of this distance just balances the deficiency 
within it, and this line must be one that is unique (wnica). All this 
will be done, if we take for that circumference the path described 
by the centre of gravity, which is a unique line (que est sola et unica). 
He does not, however, show how the balancing of which he speaks 
takes place, which is the essential point, but contents himself with 
asserting that such is the fact. He adds, that this thing requires no 
other demonstration ; but it will be sufficient to show its truth by 
induction ; that is, by ascertaining that the results by his rule agree 
precisely, in numerous examples, with those obtained otherwise. 

The first real demonstration appears to have been given in a 
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work by Cavatieri.* GutpI, in his fourth book, attacks the Method 
of Indivisibles of Cavauieri, accusing him of departing from the rigor 
of the ancient geometry. CAVALIERI, according to Monrtucta, retorts, 


that Gutpin’s demonstration, just alluded to, displays any thing but 


the ancient rigor, and says, that one of his pupils, Anronio Roccna, 
furnished him with a demonstration of the theorem, long before 
Gutpin published his work. This demonstration he gives. 

It may be interesting, before closing, to give briefly some of the 
opinions of writers who have touched upon the claims of Pappus and 
GuLDIN. 

Lerpnitz,+ speaking of this theorem, and giving an extension of 
it, remarks: “ Pappus had briefly indicated what Gutpin showed more 
fully.” (Pappus subindicaverat quod Culdinus expressius ostendit.) 

Hairy { says, that one of his principal motives in giving the 
Greek text of the preface to the Seventh Book of Paprus was, “ that 
it might become plain to all, that the Centrobaric Method of Guipin 
was known to the ancients also.” (U¢ palam fiat omnibus Regulam 
Guldini Centrobaricam apsis etiam Veteribus innotuisse. ) 

VARIGNON,§ in a memoir in which he demonstrates the theorem 
itself and several extensions of it, does not even allude to Pappus, 
but ascribes the discovery to GuLpIN. 

Montvcza || discusses the whole question fully, and then asks: 
“ After these developments, ought we not to give to this fertile prin- 





* Exercitationes Geometrice Sex. Bononie, 1647. This work, and several others 
of the same age, which would more fully illustrate the views of Guldin’s immediate 
successors, are unfortunately not to be found in the libraries of this vicinity. 

t Acta Eruditorum, 1695, p. 493. 

{ Preface to Apollonius de Sectione Rationis. Oxon. 1706. 
§ Mémoires de Académie. 1714, p. 77. 

|| Histoire des Mathématiques, Vol. I. p. 329. 





~ Ew 


ciple the name of Pappus, instead of that of Guipix, who merely 
reproduced it, whether he did it by his own ingenuity, or whether 
this passage of Pappus gave him the idea?” He adds, after mention- 
ing Gutpin’s evident acquaintance with Pappus: “Still I do not care 
to accuse Gutpin of plagiarism; although it seems to me difficult to 
free him from the charge.” 

Bossut,* speaking of Pappus, says: “I ought to add, in praise of 
Pappus, that we find at the end of the Preface to his Seventh Book 
a quite distinct idea (une idée assez distincte) of the famous theorem 
commonly attributed to the Jesuit GuLp1n.” 

Frisi,} after demonstrating the theorem, remarks: “This is the 
celebrated theorem which some contend was indicated by Pappus 
ALEXANDRINUS, but which was really first given for circular and elliptic 
rings by Kepier, and afterwards proposed generally by Gutpin, and 
proved by a sort of induction, and which, finally, was demonstra- 
ted by Antonio Rocca of Piacenza, by means of the principles of 
our CavaALierI, in nearly the same way that we have here fol- 
lowed.” 

WueweELt { says: “A property of the center of gravity, discovered 
by Pappus, and republished about 1640 by Gutpmy, has since borne 
the name of its more recent enunciator.” 

And, lastly, Cuastes§ says: “The famous theorem of GuLpin 


is found in the Mathematical Collections, and appears to 
have been the discovery of Pappus himself.” And afterwards, speak- 
ing of Gutpiy, he adds: “This rule was unnoticed, when Guxprn dis- 





* Histoire des Mathématiques, Vol. I. p. 47. 

ft Paulli Frisii Opera, 3 Vols. 4to. Mediolani, 1782-85, Vol. II. p- 30. 

{ Mechanics. Cambridge, 1819, p. 111. 

§ Apergu Historique sur l’Origine et le Développement des Méthodes en Géométrie, 
Bruxelles, 1837, p. 29 et 57. 
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covered it in his turn, and used it to solve problems that were 
difficult and intractable by other methods.” 
All these writers recognize the claims of Parpus, except VaRIGNon, 


who does not mention them, and Frist, who seems inclined to ignore 


them. Among writers not yet cited, Prony, Boranis, Boucnar.at, 
Youna, Mosetry, Dunamet, and Weisspacu do not mention Pappus in 
connection with this theorem, but refer to it as Guipin’s Theorem ; 
Franceur and O. Grecory ascribe its discovery to Parpus; while 
Watton * and Price} refer to it as the Theorem of Pappus. 

The evidence, so far as we have been able to collect it, is now 
before the reader. Let him judge for himself. It is a beautiful 
custom, nowhere more fully recognized than among mathematicians, 
to connect with a new truth the name of its author ;' and if in this 
case the wrong name has received the honor, it is not too late to 
correct the error. We have only to reverse the prevalent practice ; 
so that, instead of mentioning Pappus incidentally or not at all, and 
quoting the theorem as GuLpmn’s, we shall, if occasion serve, mention 
the applications made by Guip1n, but the theorem itself we shall quote 
as the Turorem or Pappus. 





ON THE COURSING JOINT CURVE OF AN OBLIQUE 
ARCH IN THE FRENCH SYSTEM. 


BY DEVOLSON WOOD, C.E. 
Assistant Prof. of Engineering in the Univ. of Michigan. 


1. In constructing the development of the arch the draughts- 
man must either construct the coursing joints geometrically or else 





* Problems in Theoretical Mechanics. 
T Infinitesimal Calculus, 3 Vols. 8vo. 1852-1856. 
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construct them from the equation of the curve. I propose to find 
the equation of the curve when the face is semicircular. 

Suppose the arch is intersected by an infinite number of planes 
parallel to the face, they will cut an infinite number of ring joints. 
In the French system the coursing joints of either the intrados or 
extrados intersect these joints at right angles. 

Let B’ be the origin, and B’ £ be 
the axis of z which is the springing 
line; r= B C= radius; rg = the 
length of arc from the springing line 
to the curve = ad; rg, = initial 
are = BD’; i = inclination of the 

curve to an element; 6 = A CB’ — 90° = skew angle. 

2. To find 7 in terms of g and 6. With C as a centre and radius 
equal to unity describe the ares AB, AD,and DB. We shall thus 
form a spherical triangle A D B, in which A B = 90° + 6, DB=q, 
ADB= 90°+1, ABD= 90°. Hence, by Naptzr’s rules, 


sin p = cot (90° + 7) tan (90° + 6), 
sin g = tani cot 0, 
. tan? = sing tan 6. 


This value of 7 is the same for any value of the radius. In the 
differential triangle ac we have 


be _rdgq 
ab” dz 


’ ¢ d 
f dx = rot of ts 
0 ¢, sin @ 


«=r cot 6 (log tan ¢ g — log tan 4 g)), 


= tani = sing tan é. 


from which the curve in the development may be constructed. 


VOL. I. 28 
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In a German work on bridges, the following formula is given, 
but without investigation ; namely, 


. 
a = —— log cot? g, 


which is evidently incomplete, since g can have but one value for 
any assumed value of x; whereas it should have several values, one 
for each coursing joint which depends upon the initial value g, of » 
for «= 0. 





THE MOTIONS OF FLUIDS AND SOLIDS RELATIVE FO 
THE EARTH’S SURFACE. 


[Continued from page 148.] 


SECTION II. 


ON THE MOTIONS AND FIGURE OF A FLUID SURROUNDING THE EARTH. 


11. Tue results obtained in this and the following section, will 
be upon the hypothesis that the motions of the fluid are not re- 
sisted by the earth’s surface. The motions and figure of the fluid 
must be such as to satisfy equations (13), and also the condition 
of continuity. To determine them in the general case in which 
both @ and g are functions of 4, 6’ and g, would be very difficult. 
We shall take here the special case only in which @ is a func- 
tion of 6’ which increases or decreases, from the equator to the 
pole, and in which g is regarded as constant at all parts of the 
earth’s surface, and throughout the whole range of altitude. Equa- 
tions (13) become in this case, when the fluid is elastic, 


g Dijh=r' sind cosd(2n+D,9) Dp —7 Di 6 —gh Djlog « 


20 
( | sl tate 277 sin 4 cosé(n + D, gy) D,6 — 7? sin’? 6 Di @. 


In inelastic fluids we have log & instead of log a. 
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12. To determine completely the motions and figure of the 
fluid which, would satisfy the conditions for any initial state of the 
fluid, upon the hypothesis that the motions are entirely free from 
resistances arising from the motions of the particles amongst them- 
selves, would be impossible. But since in all fluids there are slight 
resistances to the motions of the particles amongst themselves, 
which, however small, eventually destroy all oscillatory or wave 
motions depending upon the initial state of the fluid, and reduce the 
motions of the particles amongst themselves to the minimum which 
satisfies the conditions, it is not necessary to integrate the equations 
generally, but merely to satisfy them with the least possible motion 
of the particles amongst themselves. Hence both the motions and 
density of the fluid at any place, and likewise its figure, must be in- 
dependent of the time, and therefore constant. 

13. Since D,f in the last of equations (20) can only have a 
value arising from an oscillatory or wave motion of the fluid, which 
would soon be destroyed, it must be put equal 0, and then the equa- 
tion gives by integration for each particle supposed to be entirely 
free from the resistances arising from the motions of the particles 
amongst themselves, 

(21) - sin? 6(xn + Dg) =e, 
in which ¢ is a constant depending upon the initial motion of the 
particle. Let 

R be the radius of the earth regarded as constant, 

m the mass of the fluid, and 

Z its uniform depth when at rest relative to the earth. 

As the quantity of motion in the whole mass cannot be affected 
by the mutual actions of the particles upon each other, we have, 
even in the case in which the particles are not free from mutual 
resistances, 


(22) J? sin? 8 (n +- D.@) =f{e= Cm, 
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in which (@ is a constant depending upon the initial motions of all 
the particles. 

The first member of this equation expresses the sum of the areas 
projected upon the plane of the equator, arising from the absolute 
motions of all the particles for a unit of time, and hence this sum 
is constant. 

14. If we put v for D,g belonging to the initial state of the 
fluid, the last equation gives, neglecting quantities of the order of 
the range of altitude compared with the earth’s radius, 


Cm = Rf sin? 6 (n + v), 


1 2 

= R fy fy fok sin® 6 (n + v), 
o 0-0 

= 2 Bm (n+) 


in which 


an! ee 2 2 8d 
v= 5 fv Jo fokv sin : 
—— ee 


Hence, 
C=—=2 RP n+). 

In the preceding integration # is supposed to be independent 
of 6. If the density should vary considerably with the latitude, it 
would affect the preceding result slightly. 

When, by the mutual actions of the different strata upon one 
another, D,g becomes the same at all altitudes, upon the same 
parallel of latitude, ¢ then becomes equal to C, and equation (21) 
gives 
(23) D9 = d ee i em, 


Risinr?6-—~S~*~«SS;« sin? 

This value of D,¢@ satisfies the last of equations (20), and since 
it gives a uniform motion of all the particles of the fluid upon the 
same parallels of latitude, as much fluid flows from any place as 
flows into it, while the density, from what has been stated, remains 
the same, and hence it also satisfies the condition of continuity. 
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15. If we suppose the initial state of the fluid to be that of 
rest relative. to the earth’s surface, equation (23) becomes 


(24) D.g = (s=55 — 1), 


substituting this value of D,g in the first of equations (20) we get, 
by putting # for r, 


(25) gDjh= F'n’ sin 6 cosé (<=, —1)— BD? 6 —gh Dg loge. 


Since the last term of this equation is a function of h, the 
height of the strata, the equation can only be satisfied by counter 
currents of the strata between the equator and the poles; and as 
we have seen that the figure of the fluid, and its density at the 
same place, are constant, in order to satisfy the condition of conti- 
nuity, these currents must be such as to satisfy, for every vertical 
column of the fluid, the following equation, 

(26) St D,& = 0. 


In order to satisfy this condition, 4, which is a general integral, 
must have a negative constant added to it. Hence at a certain 
altitude the last term of (20) vanishes, and the fluid there has no 
motion towards or from the equator. 

If the density increases towards the poles, this term is positive 
for the lower strata, but negative for the upper ones, and hence the 
motion is toward the equator below, and from it above. If the den- 
sity decreases towards the poles, the motions are the reverse. 

If there were no resistances of any kind, the motions would be 
continually accelerated so long as the density is different between 
the equator and the poles; but where there are slight resistances, 
the motions are only accelerated until the resistances become equal 
to the accelerating force. 

16. Since the last two terms of (25) have a very little effect 
upon the value of h, and consequently upon the figure of the fluid, 
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in comparison with the remaining term of that member, unless the 
difference of density, and the motion of the fluid between the 
equator and the poles, are very great, we shall neglect them, and 
determine the figure depending upon the remaining term arising 
from the earth’s rotation. Equation (25) gives by integration in 
this case, since Dj h does not differ sensibly from D,h, 


2gh = — Rnt(—*_ + sin* 6) 4 C. 


If h' be put for the value of h at the equator, putting sin 6 = 1, 


we get 
2g =—12 r+ C. 
Hence, 


(21) — <* (Y—st5— sin? é). 


29 9 sin? 4 

Since one of the terms in this value of / has gin é in the denomi- 
nator, whatever be the value of / at the equator, it must become 
0 towards the poles, and the surface of the fluid meet the surface 
of the earth; and this must be the case, however large the terms 
which have been neglected. Hence the flud, however deep it may be 
at the equator, cannot exist near the poles. 

17. If 6) be the value of 6 where h = 0, the last equation gives 


(28) sin* 6, — ( =o Wi +- 22) sin? 6, = -—— 4 


R* n? 


9°? 


which determines 6) when h’ ig given. 
If we put 6, for the value of 6 where 4 is a maximum, equation 
(25), putting Djh = 0, and neglecting the last two terms, gives 


(29) sin* 6, = 3 


ao. FF 
This gives 6, = 55° nearly, answering to the parallel of 35°, 
where / is a maximum. 


If, therefore, we assume /’, equation (27) gives the figure which 
the fluid assumes. which must be somewhat as represented in the external 
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part of Fig. (1), the surface of the fluid being slightly depressed at the 
equator, having ws maximum height about the parallel of 35°, and meeting 
the surface of the earth towards the poles. 
18. In the applications of the preceding equations we must put 
R = 3956 miles = 20887680 feet, 
22 
~~ (23 & 60 + 56) 60 
g = 32.2 feet. 


Hence Rn = 1523.2 feet, and 


= .000072924 


Ti 


= n* — 36017 feet. 
9g 


With these values, if we assume f’ = 5 miles, (28) gives 
mmm) ©) — 25° 30' for the polar dis- 
| tance of the parallel where the 
surface of the fluid, or the stra- 
tum of equal pressure, meets 
the surface of the earth. 
If in (27) we substitute for 
sin 6 its special value in (29), 
we obtain. h— #’ = 4002 feet 
for the excess of the height of 
the fluid at its maximum, above 
its height at the equator ; which 


is a constant independent of the 
amount or depth of the fluid. 


19. If we put D, p = 0 in (24), it gives 
(30) sin? é = sin? 6, = %. 

Hence, the latitude of no motion of the fluid east or west, is the lati- 
tude of the maximum of h. 

20. If sin? d < 2 in (24), D.g is positive, but if sin’é> 2, it 
is negative. Hence, between the parallels of 35° and the poles, the motion 
of the firid is eastward, but between those parallels and the equator ut is 
toward the west. 
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21. The lineal velocity of the fluid east or west relative to the 
earth’s surface is R siné D,g. Representing it by v’, equation (24) 
gives 


(31) v” = Rn( 


— sin é). 


2 
3 sin 6 


Putting sin é= 1, this equation gives uw’ = —1Rn= 508 
feet for the velocity of the fluid westward per second at the equa- 
tor. Towards the poles it is evident, from an inspection of the 
preceding equation, that the velocity must become very great. 

The east and west motions of the fluid, as well as its figure, are 
represented by Fig. (1), the different lengths of arrows representing, 
in some measure, the different velocities of the fluid. 

22. The whole lineal velocity of the fluid east, arising from both 
the earth’s rotation and the velocity of the fluid relative to the 
earth’s surface, is Rsiné(n-+ D,q@). Representing this by w”, 
equation (24) gives 


(32) y” = Ban 
Hence this velocity is inversely as the distance from the axis of 
rotation, which is a necessary consequence of the preservation of 
areas, as shown in §13. For as the fluid in moving from the equa- 
tor towards the poles approaches the axis of rotation, it must have 
its velocity increased, and in receding from the axis it must be de- 
creased, just as a planet is accelerated in its perihelion but retarded 
in its aphelion. The reasoning, therefore, of those who, in attempt- 
ing to explain the trade winds, assume that the fluid, in moving 
towards or from the equator, has a tendency to retain the same 
lineal velocity, is erroneous. 

23. If, instead of a state of rest relative to the earth’s surface, we 
suppose that the fluid has an initial angular velocity, we must put 
n + v instead of n in the preceding equations. 





ON PRACTICAL GEOMETRICAL METHODS OF LOCI. 


BY D. H. MAHAN, 
Professor of Engineering in the U. 8. Military Academy, West Point, N. Y. 


Eprtor oF THE MarnematicaL Monrtaty: 

Sm, — Permit me to call the attention of your younger mathe- 
matical readers to the subject of the practical geometrical methods 
of loci, as affording both an interesting and profitable exercise in the 
use of mathematical instruments, particularly for those who are pur- 
suing scientific studies with the view of becoming civil engineers or 
architects. I have selected two cases out of the many that have 
fallen under my notice in their applications to practice. 

Prob. To inscribe within a given rectangle another, one side of 
which is given. 

Let AB be the given rectangle; ad the one to be found, the 
side ac of which is given. 

An examination of the Fig. will show that the 
diagonals of the two rectangles pass through the 
same point 0. From 0 then, with any assumed 
radius 0a describe an arc, and from a set off 
the chord a’c’ =ac. If the point ¢’ falls with- 
out B C, take any radius 0a” < Oa’ and repeat 
the same construction, thus determining the point 
e’ within BC. Having, in this way, found as 


many points ¢c’, c” &c., as desired, on either side of B C draw through 


them the line ¢ ce’, &. This line will be the Jocus of the required 

conditions, and the point ce, where it intersects BC, will be one 

angle of the inscribed rectangle to be found, from which the others 

are readily determined by the inverse order of the construction. 
Remark. This problem finds an application in Hows’s Truss for 
VOL. I. 29 
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bridges, &c., in determining the position of the oak or iron steps, or 
blocks against which the diagonal braces abut. 

Prob. Having given a circle, a right line and a point without the 
circle, to find the tangents to the circle to which if perpendiculars be 
drawn from the given point, the points of intersection of these lines 
will be found on the given line. 

Let O be the centre of the given circle; 0,’ its radius; C the 
given point, and A B the given right 
line. Draw a series of tangents as ¢, 

| 2’, &c., to the circle, and from C demit 

upon them the perpendiculars p’, p”, 

&c. The points of intersection of 

these lines will give a curve ce”, &e., 

which is the dcus of the conditions; 

and where it intersects the line A B as 

at ¢ and e” will be the required points. 

Remarks. 1st. In examining the 

data of the Prob. it will be seen that by joining the point C with 
O the centre of the circle, and on this line, as a diameter describing 
a circle, and frum C drawing any number of chords C2’, Cx”, &e., 
and on these setting off the distances 2’ c’, 2” ce”, &e., each equal to 
Or’, the points ¢’,c’, &., will be the points of the docus as before. 
Moreover, the conditions will still be satisfied by prolonging the 
chords and setting off upon them the distances 2’ d’, x” d’, &ec.; this 


will give a branch of the curve within which the circle and the 


point C will be found. 

2d. An examination of the preceding constructions will show 
several of the remarkable properties of this curve, which, 2 connection 
with the circle, presents two symmetrical gourd-shaped branches; 1,7" c” 
r, Cd" being one. The curve will be tangent to the circle at 7, and 


72, Where the line @ O cuts the circle ; it will pass through the point 





an TD 


C, forming there a cusp or knot. The equation of the curve will 
evidently be of the 4th degree, with equal pairs of roots for the 
ordinates referred to an axis perpendicular to O @, at r2; and of 
unequal roots for the abscissas referred to r,C as an axis. 

3. The problem may evidently be enunciated thus: Having a 
given chord in a circle, to draw, from a given point, another chord, 
such that the portion of it intercepted between the given chord and its 
arc shall be equal to a given line. This problem, if I recall accurately 
an investigation of it made by me some years back, reduces, for its 
solution, to the celebrated puzzle of the tri-section of an angle. 

This example is also from a practical application; but is given 
only for the purpose of illustrating the utility of such simple me- 
chanical means for solving problems, otherwise demanding, for their 
investigation, a resort to analytical geometry which is not at the 
disposal of many who might resort to this method. 

In connection with this subject, I would call the attention of 
your young readers to the admirable applications of it by my old 
friend and professor years ago, (General Poncetet, Member of the 
French Institute; some one of whom would do the scientific civil 
engineers of our country a great service by translating his Memoirs 
on the Stability of Retaining Walls and Arches, in which he has used 
these methods in testing two of the most difficult applications of the 
higher analysis. 

To instructors I will permit myself to add, that, as an introduc- 
tion to practical applications of geometrical constructions, exercises 
of this character at the black-board, with a scale, dividers, and a 
triangle, will be found of the greatest service to the young engineer. 





Mathematicul Monthly Rotices. 


First Lessons in Geometry. By Tuomas Hitt. Facts Before Reasoning. Boston: Mickling, 
Swan and Brown. 


Our readers already know Mr. Hill’s views, as set forth in his article “ On the order of 
Mathematical studies,” in relation to the early introduction of the study of Geometry, and its 
value as a mental discipline ; first, by means of forms which address the mind through the 
senses; second, by means of a simple but logical statement of the codrdinated series of truths 
of Geometry, to educate the powers of conception; and lastly, the rigorous demonstration and 
application of these truths, to strengthen and develop the reasoning and inventive powers. 
This little book is intended to aid the child in the second stage of its progress in the study of 
Geometry ; and, so far as we know, this is the only one that does not include reasoning and a 
knowledge of the symbols and operations of arithmetic, which the child at this age is not sup- 
posed to have acquired. This idea of putting Geometry before Arithmetic is not new, for Mr. 
Hill himself has diligently preached the doctrine for'the last twelve or fourteen years; but 
while others may have implied it, we believe he was the first to give it prominence and vitality 
by putting it into practice. Nor has Mr. Hill confined himself to the simple elements of 
Geometry, for the “ First Lessons” contain a clear and simple statement of the characteristic 
properties of the Circle, Ellipse, Parabola, Hyperbola, Catenary, the Cycloidal curves, and 
Caustics, with their Involutes and Evolutes. This book is used in all the schools of Waltham 
with marked success ; but this might be attributed to the energy and enthusiasm which Mr. Hill 
has infused into these schools by his personal influence, were it not a fact that all thorough 
teachers, in many schools in different parts of the country who have given the book and the idea 
which it represents a fair trial, have been equally successful. But on the other hand we feel 
sure that many teachers would as signally fail; and simply for want of the proper knowledge 
of, and interest in, the subject. We believe that if this idea is ever thoroughly and generally 
incorporated into our system of elementary instruction, it will be mainly through the influence 
of our Normal Schools; the only institutions in which the theory and practice of teaching are 
studied in connection, and by those who will, in the discharge of the duties of their profession, 
practise what they believe to be true in theory, whatever may be their natural tastes or pre- 
conceived opinions. 

It is generally admitted that one of the greatest, if not the greatest evil at present existing in 
our primary schools, is the want of proper amusement of an instructive character for small 
children, while learning the alphabet, and indeed until they have so far advanced as to begin 
to study for themselves. During this period of unprofitable restlessness and weariness, just the 
time when pleasant impressions of the school-room, of books, and of study should be received, 
children often acquire a distaste for these things which they never outgrow; and we believe 
that hardly another subject can be named so well adapted to amuse and instruct as Geometry 
taught by means of sets of blocks, and drawing on the slate and blackboard. 

And such a course would be preparatory to the study of the “ First Lessons,” in connection 
with which the blocks and drawing would still be used by way of illustrating and simplifying 
the definitions and descriptions. 
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The study of Geometry is generally acknowledged as the best means of cultivating the 
habit of mental attention and concentration ; and the desirableness of early disciplining these 
faculties has led to the wide introduction of the study in all but the lowest grades of schools. 
Besides, many teachers are agreed that Geometry should precede Algebra, and we find that in 
many institutions the course of study is arranged accordingly. Mr. Hill proposes to carry the 
idea still further by making the study of Geometry precede Arithmetic, and to this end has 
prepared the little work before us. He says “ geometrical facts and conceptions are easier to a 
child than those of arithmetic, but arithmetical reasoning is easier than geometrical.” This 
suggests the order of these studies as a discipline of the reasoning powers. Arithmetical 
reasoning first, and geometrical afterwards. 

We most sincerely commend this little volume and the whole subject to the attention of 
teachers and all in any way interested in the subject of education, and add the following 
chapters to show how clear and vivid an idea of even the higher curves can be obtained by 
description alone, and how decidedly this habit of conceiving of a curve in kind must assist the 
student afterwards to apply his analysis and compute it in magnitude. 


CuapTeR XXVII. About a Wheel Rolling.—1. When a wagon is going upon a straight and 
level road, look at the head cf a spike in the tire of one of the wheels, and you will see that it 
moves in beautiful curves, making a row of 

arches that is called acycloid. 2. That is to say, 

a cycloid is the path of a point in the circum- 

ference of a circle rolling on a straight line. 

You can draw part of a cycloid by putting the 

point of your pencil into a little notch in the 

edge of a spool, and tying it fast, so that the point of the pencil shall be kept just at the edge 
of the spool ; and then rolling the spool carefully and slowly against the inside of the frame of 
the slate. 3. You will see, I think, that each arch in the cycloid must be just as high from c 
to p as the diameter of the circle that makes it; and just as wide at the bottom, from A to B, 
as the whole circumference of the circle. 4. But you will have to study Geometry a good 
while, before you can prove the other interesting things which I am going to tell you. You 
can easily understand what I am going to tell you; but you cannot understand how I know it, 
as you can what I told you in the last section. 5. The length of the curve, A D B, in each 
arch of a cycloid, is just four times the height of the arch; that is, four times the diameter of 
the circle that made the cycloid. 6. The whole space that is enclosed between the arch of 
the cycloid and the straight line on which it stands, is just 
three times as large as the circle that made the cycloid. 
So, when a circle is inscribed between the arch and the 
line, the curious three-cornered figures on each side of 
the circle are each exactly as large as the circle itself. 
7. Now, if you have studied Arithmetic, you will under- 
stand that, if a wheel is three feet in diameter, the head 
of a spike in the tire travels just twelve feet from where it leaves the ground until it touches 
the ground again. The spots where it touches the earth will be nine feet and three sevenths of 
a foot apart. And the space between its path and the ground will be three times eleven four- 
teenths of nine square feet ; that is, twenty-one square feet and three fourteenths of a square foot. 
Carrer XXVIII. More about a Rolling Wheel. —1. The head of a spike in the tire of a 
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rolling wheel is moving, at each instant, at right angles to a line joining it to the bottom of the 
wheel. 2. That is to say, if a straight line is drawn from the bottom of the rolling wheel to 
the head of the spike, and if a tangent to the cycloid is drawn through the head of the spike, 
this straight line will be at right angles to this tangent. 3. And this straight line is exactly 
half of the radius of curvature of that point in the cycloid. So that at the top of an arch of 
the cycloid the radius of curvature will be twice the diameter of the circle, and as you go 
down the arch the radius of curvature will be shorter and shorter, until just at the foot of the 
arch the radius of curvature will be of no length at all. 4. The evolute of a cycloid is a 
cycloid of exactly the same size. That is to say, if we should fasten a string in the point 
between two arches of a cycloid, just long enough to 
wrap on the curve up to the middle of the arches, its end 
as it is wrapped and unwrapped, would move in a cycloid 
exactly like that to which it was fastened. 5. Ifacycloid 
be turned upside down, and we fancy the inside of it to 
be very exceedingly slippery, then there are two curious things 

about it. If I want to slide any thing from a down to B, there A 

is no curve, nor straight line, down which a thing would slide so 

quickly as down the cycloid. If a hill was hollowed out in that 

shape, sleds would run down it faster than they could down any 4b C D 
other shaped hill of the same height and the same breadth at 

the bottom. 6. The second curious thing about sliding on the inside of a cycloid is, that it 
takes always exactly the same time to slide to the bottom, however high up or low down you 
start. If a, in the last figure, is the top of such a hill, and c the lowest point, it will take a 
sled exactly as long to go from B to Cc, as to go from A toc. But this, you must remember, is 
only when we imagine the hill and the runners of the sleds to be, both of them, perfectly 
slippery ; so that there shall be no rubbing. In that case, if the road from a to c was two 
miles long, it would only take a sled twenty-eight seconds to come down the whole length. 
And, if it starts from any other place on the road, say from B, it will still take twenty-eight 
seconds to get toc. 7. If the road from a toc is half a mile long, a sled will come down in 
fourteen seconds. 8. If a board is sawed out in the form of a cycloid, and a little gutter made 
on the inside of the curve, you can try this by holding two marbles, say one at a and the other 
at p, and letting go of them at the same instant. They will meet exactly at c, one coming the 
whole way A C, while the other is coming the short distance p c. 

CuHapTeR XXIX. Wheels Rolling Round a Wheel.— 1. When one circle rolls around an- 
other, instead of rolling on a straight line, any point in the circumference of 
the rolling circle travels in a curve called an epicycloid. You can draw an 
epicycloid by rolling carefully the spool (with the pencil tied to it) around 
some round thing held still on your slate. 2. Set a E 
lamp on a table in one corner of the room, and, in the 
farthest corner of the room, on a table of nearly the 
same height, set a bright tin cup, or a glass tumbler, 
nearly full of milk. On the surface of the milk you 

will see a bright curve shaped like the inner line in this figure. It is an 
epicycloid ; such as would be made by a circle of one quarter the diameter 
of the cup rolling on a circle half the size of the cup. You can make it by daylight, by setting 
the cup of milk in the sunshine, early in the morning or late in the afternoon. 3. Epicycloids 
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will be of different shapes, according to the proportion which the two circles bear to each other. 
The smaller the rolling circle is in proportion to the other, the more nearly will an arch of the 
epicycloid be like an arch of the cycloid. 4. The evolute of an epicycloid is a smaller epicycloid 
of the same shape ; and the evolute of that evolute must be astill smaller epicycloid. So that we 
may fancy epicycloids packed one within another like pill-boxes. 5. The epicycloid of section 
second is sometimes called by children the cow’s foot in a cup of milk. 
The figure in the margin represents this epicycloid with its nest of evolutes 
packed one within the other. If a string is fastened at the point where 
the arches of the epicycloid come together, and is just long enough to wrap 
round to the middle of the arch, then, as it unwraps, the end will move in 
a larger epicycloid of exactly the same shape. 6. When the circles are of 
the same size, the epicycloid will have but one arch. The ends of the 
arch will come together at the same point. The figure in the margin will 
show the shape of this epicycloid and its evolutes. 
CuHapTeR XXX.— Of a Wheel rolling on the inside of 
a Hoop.—1. When a circle rolls on the inside of another 
circle, instead of on the outside, the curve is called a hy- = { 
pocycloid. 2. Suppose your slate-pencil were straight, so 
that it would lie flat on the slate, and make a mark as broad as the pencil is long. Then sup- 
pose you were to put your pencil across one corner of your slate like a 
hypotenuse, and slide first one end up to the corner, and then the other, 
keeping both ends all the time touching the slate frame. You would 
make a white mark in the corner, of a curved three-cornered shape, like 
this figure. The curve inside would be a hypocycloid. 3. If you take 
the corner of your slate for a centre, and the length of your pencil for a 
radius, and draw a quarter of a circle, as I have done in the last figure ; 
if you then roll on the inside of this are a circle whose diameter is one 
half the length of the pencil, it will make the same hypocycloid. I have 
also drawn this circle in the figure. 4. You can draw a hypocycloid by rolling the spool and 
the pencil on the inside of any little hoop held firmly on the slate. The rim of the cover of a 
large wooden pill-box will make a nice little hoop for this purpose. 5. The evolute of a hypo- 
cycloid is a larger hypocycloid of the same shape on the outside of it; and the hypocycloid 
itself may be fancied as the evolute of a smaller hypocyclojd within it ; so that hypocycloids, 
like epicycloids, are packed one within the other, like nests of tubs or boxes. 6. The hypocy- 
cloid that is made when the diameter of the rolling circle is one quarter of 
the diameter of the circle that it rolls in, can be made by sliding the hypo- 
tenuse backwards and forwards on the legs of a right triangle. The hy- 
potenuse must be kept of the.same length, and it will always be a tangent 
to the hypocycloid. 7. This hypocycloid may be called a 
hypocycloid of four arches ; because, as you may see in the 
figure, both it and its evolutes have each four arches. 8. If 
the diameter of the spool is nearly half that of the hoop, 
the pencil will move across the hoop in a very flat curve, almost like a diameter 
of the hoop ; and the evolute at the ends of the curve will be almost like two 
parallel straight lines at right angles to the end of the diameter ; so that the string unwrapping 
from the evolute will be very long. When the diameter of the spool is exactly half that 
of the hoop, the hypocycloid is a straight line; and the evolute of it, if you can fancy that 
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there is any evolute, is two parallel straight lines at right angles to its ends. 9. If the diame- 
ter of the spool is more than half that of the hoop, it 
will make a hypocycloid like that made by a smaller spool. 
If you have two spools, one of them as much wider than 
the radius of the hoop as the other is smaller, so that the 
hoop will just let the two spools stand in it side by side, 
then one spool will make exactly the same hypocycloid 
as the other. 10. These two spools 


cannot, of course, be both rolling in ' i 
the hoop at the same time ; but we can easily imagine two circles of the 
same size as the spools rolling in a circle as large as the hoop. Start A 
the circles from the position in which I have drawn them to rolling in 
NO 


opposite directions, and if you roll the little circle faster than the large 

one, so as to make them get round the hoop in the same time, the points 

in the two circles which are now touching will keep together all the time, making the same hy- 
pocycloid. 
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The following gentlemen have sent us Solutions of the Prize Problems in the December No. of the 
Monthly. 

ARTHUR WILKINSON, Junior Class, Harvard College, answered all the questions but I. 

George B. Hicks, Student, Cleveland, Ohio, answered all the questions. 

Davip TrowsRipDGE, Student, Perry City, Schuyler Co., N. Y., answered all the questions. 

JAMEs M. INGALLS, Delton, Sauk Co., Wisconsin, answered questions IV. and V. 

W. H. Sriruine, Student, Baltimore, Md., answered problem I.; also sent solutions of 
problem II. in October No., problem III. in November No., and problem I. in January No. 

Asner B. Evans, Junior Class, Madison Univ., Hamilton, N. Y., answered all the ques- 
tions. 

G. W. Ht, Senior Class, Rutger’s College, New Brunswick, N. J., answered all the ques- 
tions. 

A Student in Baltimore College answered all the questions. (Ricnarp Cotter, Prof.) 

E. P. Austin, Student in the Univ. of Michigan, answered all but I. and III. 

We shall publish the report of the Judges, with the Prize Solutions, in the next Number. 
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THE BIRDS OF ARISTOPHANES. With Notes, by Professor C. 
C. Felton. 12mo, cloth. $1.0 

THE PANEGYRICUS OF ISOGRATES. With Notes, by Profes- 
sor C. C. Felton. 12mo, cloth. 75 cents. 

SELECTIONS FROM THE GREEK HISTORIANS. With Notes, 
by Professor C. C. Felton. 12mo, half mor. $1.50. 

SELECTIONS FROM MODERN GREEK WRITERS, IN PROSE 
AND POETRY. With Notes, by Professor C. C. Felton. 12mo, 
cloth. $1.00. 

THE AIAS OF SOPHOKLES. With Critical and Explanatory 
Notes, by J. B. M. Gray. 12mo, cloth. $1.25. 

PRONUNCIATION AND HISTORY OF THE GREEK ALPHA- | 
BET. By E. A. Sophocles, Tutor in Harvard College. 12mo, 
cloth. $1.00. 

CICERO, M. T. BRUTUS. Edited, with Notes, by Professor C. 
Beck. 16mo, cloth. 75 cents. 

CICERO. Immortality of the Soul; The Tusculan Disputations, 
Book First; The Dream of Scipio; and Extracts from the Dia- 
logues on ‘Old Age and Friendship. With English Notes, by 
Thomas Chase, Tutor i in Harvard Co lege. 16mo. cloth. 75 cents. 

CICERO. De Senectute; with English Notes, by E. H. Abbot, 
A. M., Tutor in Harvard College. 16mo. In press. 

CICERO. Pro Cluentio; with English Notes. By 16mo. 


coo cE $ CHEMICAL PROBLEMS AND REACTIONS, to ac- 
company Stockhardt’s Principles of Chemistry. By Professor 
Josiah P. Cooke. 75 cents. 

CONSTITUTIONAL DOCUMENTS OF ENGLAND AND AMER- 
ICA, FROM MAGNA CHARTA TO THE FEDERAL CON- 
STITUTION OF 1789. Compiled and Revised, with Notes, by 
F. Bowen, Professor of Moral Philosophy. 8vo, cloth. 88 cents. 

HODGES, R. M. PRACTICAL DISSE CTIONS. By Richard M. 
Hodges, M. D., Demonstratorof Anatomy in the Medical Depart- 
ment of Harvard College. 16mo. $1.00. 

HORACE. With Notes, by A. J. Macleane, M. A. Revised and 
edited by R. H. Chase, A. M. With Introduction to the Metres, 
e Profesor Charles Beck. Revised edition. 12mo, half mor. 


$1.2 

LATHAM'S ELEMENTARY ENGLISH GRAMMAR. Revised by 
Professor Child. With an Appendix, by President Goodwin, 
Trinity College. 16mo, cloth. 75 cents. 


| PEIRCE, J. M. ANALYTIC GEOMETRY. 8vo. $1.50. 

REID, THOMAS. ESSAYS ON THE INTELLECTUAL POW- 
ERS. With Notes and Illustrations, by Sir William Hamilton 
and others. Edited by James Walker, 'D. D., President of Har- 

vard College. 12mo, cloth. $1.25. 

ROELKER, B. A GERMAN READER FOR BEGINNERS. 
Compiled by Bernard — A. M., Instructor in Harvard Uni- 
versity. 12mo, cloth. $1.0 

STEWART, DUGALD. ACTIVE AND MORAL POWERS OF 
MAN. Edited, with Notes, by James eee D. D., President of 
Harvard College. 12mo, clot $1.2 

STOCKHARDT’S PRINCIPLES OF ‘CHEMISTRY. 
by Simple —= Translated by C. H. 
12mo, cloth. $1.75. 

| THOMSON. OUTLINE OF THE LAWS OF THOUGHT. 

12mo, cloth. $1.00. 
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VERNON, EDWARD JOHNSTON, B. A. GUIDE TO THE 
ANGLO- SAXON TONGUE. 12mo, cloth. $1.25. 

WHATELY. LESSONS ON MORALS AND CHRISTIAN EVI. 
DENCES. Edited by Rev. F. D. Huntington. 16mo. 75 cents. 
MISCELLANECUS. 

A COLLECTION OF FAMILIAR QUOTATIONS, WITH IN- 
DICES OF AUTHORS AND SUBJECTS. 16mo, cloth. Third 

edition. $1.00. 

AUTUMN LEAVES. ORIGINAL PIECES IN PROSE AND 

| VERSE. 16mo, cloth. 75 cents. 

COLLEGE WORDS AND CUSTOMS. By B.H. Hall. 12mo, 
cloth. $1.25. 

FOUR OLD PLAYS. JACK JUGLER, THERSYTES, PARDO- 
NER AND FRERE, AND JOCASTA. 12mo, cloth. $1.25. 
MEMORIAL OF REV. JOHN S. POPKIN, D.D. Edited by 

Cornelius C. Felton. 16mo, cloth. $1.25. 

MEMORIES OF YOUTH AND MANHOOD. By Sidney Willard. 
2 vols. 16mo, cloth. $2.00. 

NORTON, ANDREWS. EVIDENCES OF THE GENUINENESS 
OF THE oe Second edition. In three volumes. 8vo, 
cloth. $5.0 

NOR TON, ANDREWS. oo CONCERNING CHRISTIAN- 
ay 4 8v0, cloth. $1.7 

PROMETHEUS AND AGAMEMNON OF SOPHOCLES. A 
Translation, by W. H. Herbert. 12mo,cloth. 75 cents. 

TUCKERMAN, EDWARD. SYNOPSIS OF NORTHERN LI- 
CHENES. 8vo, cloth. 75 cents. 

TUCKERMAN, EDWARD. ENUMERATION OF NORTH 
AMERICAN LICHENES. 12mo, cloth. 37 cents. 





PROCEEDINGS OF THE AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
FROM THE COMMENCEMENT. 


1848 to 1858. 13 vols. 
1853 to 1858. Each, post paid 


° ° $25.00 
° 2.00 





AMERICAN EPHEMERIS AND 


For the year 1855-1861. Each 


Postage 


NAUTICAL ALMANAC 


$1.50 
60 cents. 





JUST PUBLISHED. 


OUTLINE OF 
A TREATISE ON PURE AND APPLIED LOGIC. 


BY WILLIAM THOMSON, 


THE LAWS 


OF THOUGHT: 


D.D. 


PROVOST OF THE QUEEN’S COLLEGE, OXFORD. 


12mo. Cloth, pp. 


347. Price $1.00. 

















THE NATIONAL SERIES OF MATHEMATICS. 


-BY CHARLES DAVIES, LL.D., 


PROFESSOR OF MATHEMATICS IN COLUMBIA COLLEGE, N. Y. 


PUBLISHED BY A. 8. BARNES & CO., 51 & 53 JOHN STREET, NEW YORK. 
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Elementary Cuonrse. | Abanured Conse. 


Retail price. | Retail price , 
‘| DAVIES’ PRIMARY ARITHMETIC & TABLE BOOK. . $015 DAVIES’ UNIVERSITY ALGEBRA. . ° ° - $125 

DAVIES’ FIRST LESSONS IN ARITHMETIC. ° . 020|/ KEY TO DAVIES’ UNIVERSITY ALGEBRA. . ° 100 
DAVIES’ INTELLECTUAL ARITHMETIC. ° ° 0 25 | DAVIES’ BOURDON’S ALGEBRA. . ° ° - 1650 
DAVIES’ NEW SCHOOL ARITHMETIC. . . . 045) KEY TO DAVIES’ BOURDON’S ALGEBRA. . . . 150 
KEY TO DAVIES’ NEW SCHOOL ARITHMETIC. . 0 45| DAVIES’ LEGENDRE’S GEOMETRY. . . . . 150 
DAVIES’ NEW UNIVERSITY ARITHMETIC. . 075| DAVIES’ ELEMENTS OF SURVEYING. . . .  . 1650 
KEY TO DAVIES’ NEW UNIVERSITY ARITHMETIC. . 050) DAVIES’ ANALYTICAL GEOMETRY. . - 125 
DAVIES’ GRAMMAR OF ARITHMETIC. » 030) DAVIES’ DIFFERENTIAL & INTEGRAL CALCULUS. - 1 26 
DAVIES’ ELEMENTARY ALGEBRA. .. . 075 DAVIES’ DESCRIPTIVE GEOMETRY. 2 00 
KEY TO DAVIES’ ELEMENTARY ALGEBRA. - 050| DAVIES’ SHADES, SHADOWS, od PERSPECTIVE. . 250 
DAVIES’ ELEMENTARY GEOMETRY & TRIGONOM. . 100, DAVIES’ LOGIC OF MATHEMATIC - 1265 
DAVIES’ PRACTICAL MATHEMATICS. . . « 100) DAVIES’ & PECK’S MATHE MATICAL DICTIONARY. . 260 





A. S. Barnes & Co. have the pleasure of announcing, that they have just issued from their press AN ENTIRELY New Work 
on ALGEBRA, by Proressor Davixs, entitled 


DAVIES’ UNIVERSITY ALGEBRA. 


This work is designed to occupy an intermediate place between, in an extended series of carefully arranged and graded examples . 
his Elementary Algebra and Seusiee. It teaches the Science and | It is well adapted for use in High Schools, Academies, and Colleges ; 
Art of Algebra by a logical arrangement and classification of the | the work being so divided and arranged that it may be studied in 
principles in their natural order, and by illustrating their application | parts, or as a whole, forming a full and complete course, 





NATURAL PHILOSOPHY. BARTLETT’S COLLEGE PHILOSOPHY. 
PARKER’S JUVENILE PHILOSOPHY. . - Price $025 | BARTLETT’s SYNTHETIC MECHANICS. . . ° $3 00 
PARKER’S FIRST LESSONS IN PHILOSOPHY. . . 087} ees moh — hag anand . : ao 
gi Spat pe met Sian wie eel 100 | BarTLerr’s SPHERICAL ASTRONOMY. ; 8 00 
e present edition of Parker’s Schoo ilosophy has been cor- 
rected, enlarged, and improved, and contains all the Jate discoveries won are the Text-books in the U. 8. Military Academy at 
and improvements in the science up to the present time. 

It contains engravings of the Boston School set of apparatus; a de- 
— of the oe and on pees of many experiments PORTER’S SCHOOL CHEMISTRY. 
which can be performed by means of the apparatus, — and it is pe-| .. P . ° . 
culiarly adapted to the convenience of study and recitation. The | First Book of Chemistry, and Allied Sciences, including 
work is immensel pular, and in very extensive use, more so than| an Outline of Agricultural Chemistry. By Pror. Joun A. Por- 
any other work of the kind. Jt has been recommended by the Super-| TER. Price 50 cts. 
intendents of Public Instruction of six States, and is the Standard Tezxt- 


Book in all the principal cities of the United States, and throughout | Principles of Chemistry, embracing the most recent discov- 
Canada West. | eries in the Science, and the Outlines of its application to Agricul- 





ture and the Arts — illustrated by numerous experiments newly 
adapted to the simplest apparatus. By Jonn A. Porter, A. M., 
M. D., Professor of Agricultural and Organic Chemistry in Yale 
By WitutAM A. Henwes, M. a Povaee of Civil Sateen College. Price $1. 


in Yale College. Arranged upon the catechetical plan, and co-| ppese works have been prepared expressly for Public and Union Schools, 
piously illustrated. Designe 


the study of the science. for Young Pupils commencing | cena and oe where an oo pape pte = se 
~ > ect and expensive apparatus were not desired, or could no’ ‘orded. 
THE FIRST BOOK OF SCIENCE — Two Parts tn ONE. $1 00 | ate, pra So erect ae of Chemistry is exceedingly desirable, and almost a 
Parr I. cee Sees —_ Fa tg i necessity at the present day, but it has been taught in very few Public or Union 
i sen wg Coleg. y — Schools, owing entirely to the want of suitable text-books adapted to simple 
This volume oni of the elements of Natural Science, and is de- | apparatus, or such as could be readily obtained. It is confidently believed 
signed to meet the wants of young persons who do not intend to | that these works supply this great want, and will be found in every respect 
ursue a complete course of academical study. It is designed for | just what is required. Boxes containing all the apparatus and materials nec- 
ublic and Private Schools, and will be found admirably adapted to essary to perform all the experiments described in these books, can be ob- 
private study, and home instruction in familiar science. | tained for $8.00, by addressing A. 8. Barnes & Co., New York. 


NORTON’S FIRST — OF PHILOSOPHY AND ——. 
0 $0 
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IN PRESS. 
Prof. Peck of Columbia College is preparing an Elementary Work on MEcHANICs. 




















A COURSE OF NATURAL PHILOSOPHY. 


BY W. il. C. 


BARTLETT, 


PROFESSOR OF NATURAL AND EXPERIMENTAL PHILOSOPHY IN THE MILITARY ACADEMY OF THE UNITED STATES. 


DESIGNED FOR 
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D ACADEMIES. 
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1. Elements of Synthetical Mechanics. Price $3.00 
2. Elements of Analytical Mechanics. 


6“ 


4.00 


3. Spherical Astronomy. 
4. Acoustics and Optics. 


TO PRESIDENTS, PROFESSORS, AND TEACHERS. 


The undersigned respectfully invite your attention to the above Text-Books, and to the following 


testimonials in 


I. ELEMENTS OF SYNTHETICAL MECHANICS. 
‘ Mechanics is the basis of every course of Natural Philoso- 
phy, and the source of all rational explanation of physical 
phenomena. To the generality of students it has been a 
forbidden subject, by reason of a want of sufficient prepara- 
tion in the calculus for its successful study. ‘The aim of the 
above work is to bring this groundwork of physics within 
the reach of every one at all acquainted with the merest 
elements of mathematics. 


I. ELEMENTS OF ANALYTICAL MECHANICS. 
By the sameauthor. This is the same subject, but treated 
from a more elevated point of view. It assumes, on the 
part of the student, an acquaintance with the higher 
mathematics; and, in reference to its-merits, we quote 
from Silliman’s American Journal of Science : — 


“Professor Bartlett has presented the American student with a 
very complete and excellent introduction to the Science of Mechan- 
ics; a work in which the analytical or deductive method of investi- 
gation is systematically carried out, and is, at the same time, set 
forth in such a manner as to be intelligible to those who possess a 
fair knowledge of the calculus, has long been needed. We believe 
Professor Bartlett’s work is the only treatise in our language in 
which this has-been attempted.” 

“THe ELEMENTS OF ANALYTICAL MECHANICS, by Professor W. 
H. C. Bartlett, is a valuable contribution to our means of obtaining 
a competent knowledge of this branch of science. 
duced the laws of the movements of bodies on the principles of vir- 
tual velocities, instead of the parallelogram of forces, which is made 
the basis in most English and some French treatises. Combining 
this with D’Alembert’s principle, which is shown to be but a gen- 
eralization of the Newtonian law of the equality of action and reac- 
tion, he deduces six equations for the motions of all bodies, and 
which contain the whole subject of Mechanics. It is a method 
susceptible of the most simple, precise, and prolific developments. 
It places the most vast and fruitful principles of science within the 
grasp of the tyro, and enables him to commune face to face with the 
great masters of Mechanics, with Lagrange and Laplace, with New- 


In it he has de-| 


their behalf : — 


ton and Euler, with Huggens and Bernouilli.”” — Putnam's Monthly 
Magazine, April, 1856, p. 439. 


Ill. SPHERICAL ASTRONOMY. 
By the same author. The aims and merits of this work 
are set forth in the following notices, also taken from Silli- 
man’s Journal of Science : — 


“This work is worthy of the present state of science, and, as a 
text-book for the higher classes in colleges, it has no equal in this 
country, and perhaps none in the language. The peculiarities of the 
work seem to be these: instead of the geometrical explanations, to 
which we have been accustomed in our astronomical text-books, of 
various phenomena, such as the tides, the stations and retrograda- 
tions of the planets, their phases, and the changes of the seasons, the 
author deduces the effects analytically, and the explanation is con- 
tained with great neatness in the analytical formulas and their inter- 
pretation. The elements of the planetary orbits are deduced with 
much conciseness and beauty, the more difficult investigations being 
made in the Appendix, and their results introduced in the text. 
The great improvements of modern science in this particular are 
here brought within the reach of every diligent student.” 


Iv. ACOUSTICS AND OPTICS. 
By the same author. Of this work, Professor F. A. P. 
Barnard, the highest authority on all educational matters, 
says: “It is the most concisely luminous treatise on the 
subject in the language.” 


“The student is here presented with the second volume of a 
course of Natural Philosophy intended for the classes in colleges 
and universities. The work complete will extend to three volumes, 
| of which the first, embracing Mechanics, has already been noticed 
| in the columns of this journal. The book before us treats of Acous- 
| tics, including the velocity, divergence, and reflection of sound; 
| music, chords, intervals, and harmony; and Optics, exhibiting the 
| laws of reflection and refraction; the telescope, microscope, camera- 
obscura, and polarization of light. Emanating from the proud seat 
| of science, the Polytechnic School of North America, such works 
| need not the blazonry of praise nor the guerdon of critical encomium. 
| The high standard of pure and mixed science at West Point, and 
| the acknowledged enedionss of Professors, constitute our best guar- 
| anty of merit.” — National Intelligencer. 
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MATHEMATI 


“By GEORGE R. 


CAL WORKS. 


PERKINS, LL. D., 


LATE PRINCIPAL AND PROFESSOR OF MATHEMATICS IN THE NORMAL SCHOOL OF THE STATE OF NEW YORK. 





ARITHMETICAL SERIES. 


Perkins’s ARITHMETICAL SERIES embraces four text-books, 
which cover the whole ground, from the first lesson of the begin- 
ner in counting to the most abstruse and intricate operations 
embraced in the science. Their distinguishing features, as a 
whole, and the points on which their claim to superiority rests, 
are as follows : — 


1. They are complete. Nothing connected with the subject is 
omitted. 

2. Each number follows that which precedes it naturally and 
easily, the step from one to another not being too great for the pupil’s 
comprebension. 

8. They are consistent with each other. The definitions and rules 
in the different numbers are, as far as practicable, in the same 
words, and similar modes of reasoning are employed throughout. 

4. They are philosophically arranged. 

5. They are inductive. General laws are deduced from individ- 
ual cases, 

6. They are practical, constructed with direct reference to the 
wants of the pupil when he shall enter on the actual business of life. 

7. Rules and explanations are given tersely. Their point is not 
lost in a mass of words. 

8. They present an unusually large number of examples. 

9. The examples, particularly those given first under the rules, do 
not involve tedious operations. 


10. Each rule is illustrated by every variety of example that can 
fall under it. 


11. The examples are so constructed as to require thought on the 
part of the pupil. 

12. A principle once taught is not allowed to be forgotten. In one 
form or other it is made the subject of constant review. 

13. Finally, these Arithmetics teach the shortest, simplest, and 


most easy to be remembered modes of performing the different oper- 
ations of which they treat. 


I. PRIMARY ARITJIMETIC. 18mo. 160 pages. Price 
21 cents. — This work presupposes no knowledge of Arithmetic. 
It commences with elementary principles, and lays a sure founda- 
tion for what is to follow. From the four fundamental rules it 
proceeds to Fractions. Next come Decimals and their applica- 
tion to Federal Money. “ 


Il. ELEMENTARY ARITHMETIC. 16mo. 347 pages. 
Price 42 cents. — From the Primary the pupil proceeds to the Ele- 
mentary, in which it is aimed to discipline the mind, to develop 
the reasoning powers, and to prepare the pupil for the advanced 
departments of Mathematics. In the author’s treatment of Vul- 
gar Fractions, Percentage, and Interest, his new method of find- 
ing the eash balance in Equation of Payments, and his improved 
mode of Extracting the Cube Root, he has certainly made a great 
advance on the other Elementary Arithmetics now before the pub- 
lic. 


Ill. PRACTICAL ARITHMETIC. 12mo. 356 pages. 
Price, Cloth, 62 cents, Paper Sides, 50 cents. — This work covers 
nearly the same ground as the Elementary, differing from it prin- 
cipally in presenting a greater number of examples. It may, 
therefore, either follow the Elementary, or be substituted for it. 
No other work offers the scholar such facilities for practice as this, 
no less than 3,926 sums being given. 


KEY TO PRACTICAL ARITHMETIC. 
pages. Cloth. Price 75 cents. 


12mo. 324 


IV. HIGHER ARITHMETIC. 12mo. 324 pages. Cloth. 
Price 75 cents. —This is intended as a finishing book for those 
who would complete a thorough arithmetical course. It embraces 
all the more abstruse parts of the science, and develops its princi- 


ples to a greater extent than is usual with school-books on this 
subject. 


PERKINS’S ALGEBRAIC SERIES. 


I. ELEMENTS OF ALGEBRA. 12mo. 244 pages. 


Price 75 cents. — Among the peculiar merits of this work, caine 
its simplicity, are the conciseness of its rules aid definitions ; its 
| close and logical reasoning, which calls the powers of the learner 
into active exercise ; and the great number and variety of its ex- 
| amples, which afford every opportunity for extended practice. 





II. TREATISE ON ALGEBRA: Embracing, besides the 
| elementary principles, all the higher parts usually taught in Col- 
| leges ; containing, moreover, the new method of Cubic and higher 
| Equations, as well as the development and application of the 
| more recently discovered Theorem of Sturm. 8vo. Sheep. 420 
|pages. Price $1.50.— What the Elements are to Common 
| Schools, this Treatise is to Academies and Colleges. It will be 
seen, from the title given above, that it is comprehensive and com- 
plete. 


PERKINS’S GEOMETRICAL SERIES. 


I. ELEMENTS OF GEOMETRY, with Practical Applica- 
tions. 12mo. 320 pages. Price $1.00.—In these Elements it is 
aimed to strip Geometry of its difficulties, and render it an attrac- 
tive study. This is effected by giving a practical bearing to every 
thing that is taught. The pupil is not allowed to grope in the 
dark, and ask, ‘‘ What is the use of these demonstrations?” As 
soon as a principle is explained, it is applied to the practical pur- 
poses of life by means of remarks, suggestions, and questions, 
added in smaller type. This original feature invests Geometry 
with an interest of which its apparently abstract character has 
heretofore deprived it. 


II. PLANE AND SOLID GEOMETRY : to which are 
added, Plane and Spherical Trigonometry and Mensuration, ac- 
companied with all the necessary Logarithmic and Trigonometric 
Tables. Large 8vo. 443 pages. Price $1.50.— This work is 
intended to follow the Elements, and gives an extended course in 
the higher as well as the more rudimental departments of the 
science, adapted for advanced schools and colleges. It is based 
on the admirable work of Vincent, revised by Bourdon, which 
has long been the geometrical standard in the French schools. 
All that is valuable in Vincent has been taken ; but the mathe- 
matical attainments and practical skill of Prof. Perkins are every- 
where exhibited in adapting, modifying, rearranging, and adding. 


PERKINS’S PLANE TRIGONOMETRY, and its applica- 
tion to Mensuration and Land Surveying, accompanied with all the 
necessary Logarithmic and Trigonometric Tables. 8vo. 328 
pages. Sheep. Price $1.50.— This work is remarkable for its 
simplicity, and bears throughout the marks of its — origin. 
The beginner in the science and the proficient will alike find mat- 
ter of prime value in its pages. The chapters on Land Surveying 
will prove of incalculable assistance to those who intend follow- 
ing this pursuit in life. The necessary Tables are furnished in an 
Appendix. 





D. APPLETON & CO., 346 & 348 Broadway, New York. 




















WORCESTER’S QUARTO DICTIONARY. 


PROPOS 


ALS OF 


HICKLING, SWAN AND BREWER, BOSTON, 


FOR PUBLISHING BY SUBSCRIPTION, 


A DICTIONARY OF THE ENGLISH LANGUAGE, 


BY JOSEPH E. WORCESTER, LL. D. 
ONE VOLUME, QUARTO, LIBRARY EDITION. 





WE propose to publish a library edition of WoRCEsTER’s QUARTO 
Dictionary for subscribers. It will be printed on extra fine paper, 
with large margin, a specimen copy of which may be seen at our | 
counting-room. 

The work is now rapidly approaching completion, and we hope to 
ublish it in May, 1859. It will be comprised in about eighteen 
nundred pages, and will contain a full vocabulary of the words now 

used in Literature, Art, and Science, together with such local and 
obsolete terms as are likely to be met with in writings that are now | 
much read. 

In OnTHOGRAPHY the work will represent the best usage both in | 
this country and in England. 

The Pronunciation of all the words will be exhibited by a sys- | 
tem of notation which will be easily understood; and with regard to | 
words of various, doubtful, or disputed pronunciation, the best | 
authorities for the different modes will be given. | 

In the department of Erymo.oey this Dictionary will be found to | 
be more complete and satisfactory than any other work of the kind, 
giving, in a brief form, the results of the investigations of the best 
writers on this subject. 

The DeFrniT1I0Nns will be fully and accurately discriminated, 
distinguished by numbers, and exemplified, whenever practicable, 
by citations from the best authors. In the selection of examples 
the aim has been to take such as should be valuable for the thought 
or sentiment they express, so that this Dictionary will present, in a 
convenient form for reference, a rich collection of the maxims and 
gems of the language. 

The treatment of SyNonyMEs will form a very valuable feature of 
the work. Very few, even of the best speakers and writers, become 
so thoroughly masters of their native language as never to experi- | 
ence embarrassment in discriminating between several expressions | 
nearly related. It is to help in overcoming this difficulty that Dr. 
Worcester has prepared, in connection with those words which | 
seem most to require it, a notice of the synonymous terms, show- | 





ing, at a glance, the distinctions to be observed in choosing among 
them. 
The grammatical forms and inflections of words will be given 


| more fully than ever before in any English Dictionary, and brief 


critical notes on the orthography, the pronunciation, the grammat- 
ical form and construction, and on the peculiar technical, local, pro- 
vincial, and American uses of words, will be found scattered 
throughout the volume. 

The ILLustRATIOoNs by wood-cuts, of which there will be about 
twelve hundred, beautifully executed, will form another novel and 
useful feature of this Dictionary. There are many terms, the ver- 
bal explanation of which, however carefully made, will convey a 
much less correct idea of their meaning than a pictorial representa- 
tion, and accordingly it is proposed to adopt this method of exem- 
plifving the definitions in all such cases as seem to require it. 

Much important and useful matter will be given in the Introduc- 
tion on the following subjects: — The Principles of Pronunciation ; 
Orthography ; English Grammar ; the Origin, Formation, and Ety- 
mology of the English Language; Archaisms, Provincialisms, and 
Americanisms ; and the History of English Lexicography; with a 
notice of English Orthoepists, and a Catalogue of English Dictionaries 
of the various Arts and Sciences, Encyclopedias, &c. 

In an Appendix will be added Walker’s Key to the Pronunciation 
of Classical and Scripture Proper Names, much enlarged and im- 
proved; a Pronouncing Vocuiehery of Modern Geographical Names ; 
a Collection of Phrases and Quotations from Foreign Languages ; Ab- 
breviations used in Writing and Printing, &c. 

The price of the library edition, on extra fine paper, will be $7.50, 
which will be the retail price for the common edition. Persons sub- 
scribing will therefore secure the library edition at the same price 
that they would be obliged to pay for the common edition after its 
publication. 

Those persons who desire to become subscribers to the work can 
do so by application to the publishers. 





WORCESTER’S SPELLING-BOOK. 





WE ALSO RESPECTFULLY INFORM TEACHERS AND SCHOOL COMMITTEES THAT WE PUBLISH A 


PRONOUNCING SPELLING-BOOK 


OF THE ENGLISH LANGUAGE, 


BY J. E. WORCESTER, LL. D. 


THE orthography and pronunciation of Dr. Worcester’s Diction- 
aries represent the best usage of the English language. The Spell- 
ing-Book presents the same system, and Teachers throughout the 
country will welcome its appearance. It is the most accurate, com- 
prehensive, and complete Spelling-Book ever published. Since its 


publication it has been introduced into use in the Public Schools of 
New York, Boston, Charlestown, Washington, D. C., West Roxbury, 
Thomaston, Waldoboro, Wiscasset, Dedham, Fall River, Newport,&c. 

OS> Copies will be furnished by mail for examination, on the re- 
ceipt of 12 cents in postage stamps. 

















ANNOUNCEMENT. 


WE are at prestnt able to announce, that the following Series of Papers and 
Treatises will appear in the Mathematical Monthly. Some of them are already in 
manuscript, others in course of preparation; and all of them will be commenced at 
the earliest practicable date. 


I. A Series of Papers on the Application of the Doctrine of Probabilities to 
Vital Statistics in the Construction of Life and Population Tables, and in the 
Solution of important Monetary and other practical Problems, involving Life Contin- 
gencies. By E. B. Exxiort, Esq. 


II. On the Motions of Fluids and Projectiles relative to the Earth’s Surface. 
By Prof. Ferret. 


III. A Series of Papers on the Theory of Least Squares, with Practical Ap- 
plications. By J. E. Hirearp, Esq. 

IV. A Treatise on the Elements of Plane Geometry. By Rev. Tomas 
HILt. 

V. A Treatise on Curves of Single Curvature. By Rev. TaHomas Hit. 

VI. <A Series of Notes on the Calculus of Probabilities. By Suton Newcoms, 
Esq. 

VII. A Treatise on Determinants. By James Epwarp Otiver, Esq. 

VII. A Treatise on Analytic Morphology. By Prof. Benzsamin Perrce. 

IX. Researches in the Mathematical Theory of Music. By Truman Henry 
SarrorD, Esq. 

X. A Treatise on One-Plane-Descriptive Geometry. By Witt1am Watson, 
Esq. 

XT. <A Treatise on the Calculus of Operations. By Prof. Grorer C. Wuir- 
LOCK. 


Besides the above, we have received, either in manuscript or by title, a large 
number of notes and papers upon nearly as large a variety of subjects; so large, 
indeed, that there is not the least doubt about our being able to execute the proposed 
plan of the Monthly in all its details. The only difficulty will be a want of space ; 
but this we shall remedy by increasing the number of pages, just as fast as the 
subscription will warrant. To this end, we trust that all interested will take such 


measures as they think best to increa$e its circulation. 














PHILOSOPHICAL 
INSTRUMENTS AND APPARATUS, 


MANUFACTURED AT 313 WASHINGTON STREET, BOSTON, 


BY E. S. RITCHIE, 


FOR ILLUSTRATING THE SCIENCES OF 


Pneumatics, Electricity, Chemistry, Optics, Hydrostatics, Hydraulics, 
Steam, Magnetics, Acoustics, Mechanics, Astronomy, Mete- 
orology, &c., with over 600 pieces; also, Mathe- 
matical and Engineering Instruments. 


Each article is warranted perfect. In designing the form, simplicity, as well as combina- 
tion of parts in the formation of new Instruments, is carefully studied; and to this end 
only two sizes of screw connections are used. 

Ritchie’s Illustrated Catalogue, which will be sent by mail on application, contains cuts 
of over 200 pieces, including his improved Air Pump, Electrical Machine, Ruhmkorff and At- 
wood Apparatus, &c., the University of Mississippi Electrical Machine, having two six feet 
diameter plates and four pairs of rubbers; also, sets made up to assist purchasers in selecting, 
at prices from $100 to $1,250 per set; and commendatory letters from eminent Physicists 
in various parts of the country who are using his apparatus. 


WILLIAM BOND AND SON, 


17 CONGRESS STREET, BOSTON, 


Chronometer Makers to the United States Government, 


HAVE FOR SALE 


A Complete Assortment of Marine and Sidereal Chronometers, 


ASTRONOMICAL CLOCKS FOR OBSERVATORIES, 
WITH THE MOST APPROVED DESCRIPTION OF COMPENSATING PENDULUMS. 
They also manufacture the SpRING GOVERNOR APPARATUS, for recording Astronomical 


Observations by the aid of Electro Magnetism, known as the American Method, and adopted 


at the Washington and Cambridge Observatories in the United States, and Greenwich and 
other Observatories in Europe. 


Astronomical Instruments, Transits, Telescopes, &c., 


Of the usual description. Also, those for use at fixed Observatories, of larger dimensions, 
imported to order. 











